
 

 

   Atmospheric Dynamics 
of  Exoplanets: Status and 

Opportunities 
 

    Adam Showman 
    University of Arizona 

 
Collaborators: Jonathan Fortney, Lorenzo Polvani, Yuan Lian, 
Mark Marley, Nikole Lewis, Daniel Perez-Becker, Yohai Kaspi 

          

  
 

   
 

 

 
 
 
 

 

 

  
  
  



 

 

Spitzer light curves for HD 189733b  
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Lightcurves for hot Jupiters 

CoRoT-1b (Snellen et al. 2009) 

HD209458b (Cowan et al. 2007) 

Ups And b (Crossfield et al. 2010) 

HAT-P-7b (Knutson et al., unpublished; 

              Borucki et al. 2009) 



 

 

Dependence of day-night flux contrast on effective temperature 



 

 

Doppler detection of winds on HD 209458b? 

Å Snellen et al. (2010, Nature) obtained high-resolution 2 mm spectra of               

HD 209458b during transit with the CRIRES spectrograph on the VLT 

 

 

 

 

 

 

 
 

 

Å Tentative detection of ~2 km/sec blueshift in CO lines during transit of HD 209458b  
 

 

Å Interpreted as winds flowing from day to night at high altitude (~0.01-0.1 mbar) 
 

       

 

 

 

 

 

 

 



 

 

Eclipse mapping 

Majeau et al. (2012), 

de Wit et al. (2012) 

stellar disk 



 

 

Motivating questions 

Å What are the fundamental dynamics of this novel, highly irradiated circulation regime?   

 

Å What is the temperature distribution of exoplanets?  What are mechanisms for 

controlling the day-night temperature contrast on hot Jupiters?  What is the 

mechanism for displacing the hottest regions on HD 189733b 

 

Å What are the fundamental wind regimes?  Are there regime transitions, and if so, what 

causes them?  What is the connection to dynamical regimes of solar-system planets?  

 

Å How does the circulation interact with the interior? Does it affect the evolution and 

radius?  

 

Å What processes control mixing in hot-Jupiter atmospheres? To what extent can 

chemistry affect  and/or  probe  the dynamics?  

 

Å What is the atmospheric state and climate of terrestrial exoplanets? How does 

circulation help control habitability on these worlds?  
 

Spectroscopy, lightcurves, eclipse mapping, Doppler measurements, etc--both from the ground 

          and spaceðcan address these questions 



 

 

Hot Jupiter circulation models typically predict several 

broad, fast jets including equatorial superrotation 

Showman et al. (2009) Rauscher & Menou (2010) 

Heng et al. (2010) 
Dobbs-Dixon & Lin (2008) 


